We evaluated the contribution of R-parity violating interactions to Zbb coupling in the minimal supersymmetric model. The R-violating interactions involving the top quark are found to give large contribution to Zbb coupling and, therefore, subject to new stringent constraints from R b . The current limits on some of these couplings are much improved by the latest R b data.
I. INTRODUCTION
With the improvement of the experiment, the experimental value of the quantity R b ≡ Γ(Z → bb)/Γ(Z → hadrons), after showing a deviation from the Standard Model (SM) value for a few years, now agrees well with the SM prediction [1, 2] . This good agreement would set strong constraints to any possible new physics which affects Zbb coupling.
So far there have been numerous speculations on the possible forms of new physics involving the third-family quarks which affect Zbb couplings. In the model-independent way, the new physics effects can be described by a set of high-dimensional operators assuming the existence of a light Higgs boson [3] . In the model-dependent analyses, the most attention was focused on the weak-scale minimal supersymmetric model (MSSM) [4] , which has many attractive features and is often arguably the most promising candidate for physics beyond the SM.
In the MSSM, the invariance of R-parity, defined by R = (−1) 2S+3B+L for a field with spin S, baryon-number B and lepton-number L, is often imposed on the Lagrangian in order to maintain the separate conservation of baryon-number and lepton-number. However, this conservation is not dictated by any fundamental principle such as gauge invariance and there is no compelling theoretical motivation for it. For this reason the phenomenological studies for these couplings were started long time ago [6] . While this is an interesting problem in its own right, the recent anomalous events at HERA [5] provide an additional motivation for the study of these R-violating couplings. So both theorists and experimentalists have recently intensively examined the phenomenology of R-parity breaking supersymmetry in various processes [7, 8] and obtained some bounds [9] . A few years ago the bounds on these couplings from Z-decay were also studied and meaningful bounds were obtained from [10] . Since the measurement of R b is much improved nowadays, the thorough examination of effects on Zbb coupling is desirable. In this paper we will evaluate the effect of R-parity violating couplings on Zbb coupling in detail. By using the latest R b data, we derive the bounds on these couplings. Also we will update the bounds from R ℓ by using the latest data [1] .
While it is theoretically possible to have both B-violating and L-violating terms in the Lagrangian, the non-observation of proton decay imposes very stringent conditions on their simultaneous presence. In our analyses, we assume the existence of either L-violating couplings or B-violating couplings, and investigate separately their effects on Zbb coupling. Further in the numerical calculations we consider the presence of one coupling at one time. In Sec. II we calculate the contribution of R-violating couplings to Zbb vertex. In Sec. III we present some numerical results and give the conclusion.
II. R-VIOLATING CONTRIBUTION TO ZBB COUPLING
In MSSM the superpotential with R-parity violation is given by The R-violating contribution to Zbb vertex takes the form
is the Zb LbL (Zb RbR ) coupling in the SM and ∆ L (∆ R ) the new physics contribution factor. In our calculations, we used dimensional regularization to control the ultraviolet divergences in the virtual loop corrections and we adopted the on-mass-shell renormalization scheme. The contribution of Fig.1 to Zb RbR coupling is given by
Here, the functions B 1 and C ij , C 0 are 2-and 3-point Feynman integrals defined in [11] , and their functional dependences are indicated in the bracket following them with k, p b and pb being the momentum of Z-boson, b andb, respectively. For a field f , the left and right-handed couplings are defined by g
W with e f being the electric charge in unit of e, and I f 3 = ±1/2 the corresponding third components of the weak isospin. f c = 2 is a color factor.
The contribution factor ∆ R of Fig.2 to Zb RbR coupling is found to be
where the sum is performed over
The contribution factor ∆ L of Fig.3 to Zb LbL coupling is given by
As we have pointed out, in our analyses we consider the presence of one coupling at one time. So in the above expressions, i.e., eqs.(2.5), (2.6) and (2.8) , no summation over flavor indices is implied. The ultraviolet divergences in the self-energy and the vertex loops are contained in Feynman integrals B 1 and C 24 , respectively. B 1 = −∆/2 +B 1 and C 24 = ∆/4 +C 24 withB 1 andC 24 being the finite part, and ∆ ≡ 1/ǫ − γ E + log 4π (γ E is the Euler constant and D = 4 − 2ǫ is the space-time dimension). We have checked that in eqs.(2.5), (2.6) and (2.8) , all the ultraviolet divergences cancelled as a result of renormalizability of MSSM.
III. NUMERICAL RESULTS AND CONCLUSION
In our numerical calculation, the masses of top quark and some light quarks are involved. For top quark we take M t = 175 GeV. Besides the size of each coupling itself, other SUSY parameters involved in our numerical calculation are squark and slepton masses. We first assume the value of 100 GeV for all sparticles and figure out which coupling could give large contribution. (For heavier sparticles the contribution size becomes smaller.) The results are found to be Fig.1 :
We see that only for λ ′′ 3j3 and λ ′ i33 the contribution size could be large. In both cases the large contributions are from the top quark loops. For all other couplings, the contribution are negligibly small since their current upper bounds are already less or much less than unity [9] .
Let us present more detailed results for λ 
is a mass eigenstate, we plot the ∆ R versus squark (slepton) mass in Fig.4 . From this figure we found the contribution magnitude drops rapidly with the increase of squark (slepton) mass.
When deriving bounds from R b , we should notice the subtle difference between λ we obtain the upper limits at 1σ level for the magnitude
) versus squark (slepton) mass, which are shown in Fig.5 . The region above each curve is excluded by R b data at 1σ level.
The comparison of our new limits from R b with the previous ones is given in Table I for squark/slepton mass of 100 GeV. We see that our new limits on λ In Table I the previous 1σ bounds are taken from Ref. [9] , where the author updated some limits by using the R ℓ data presented at the EPS meeting at Jerusalem [13] . We also updated the limits by using the latest R ℓ data [1] for the couplings which involve top quark, i.e., λ Here we see that the limits from the latest R ℓ are comparable to those previous ones [9] . So we conclude that R b set stronger limits on the R-violating couplings than R ℓ . Two remarks are due regarding the above results:
• In our analyses we only used R b data and dismissed the experimental value of bb forward-backward asymmetry A b which shows a 3σ deviation from the SM prediction [2] . If A b is also taken into account, the new physics contribution has to shift the left-and right-handed Zbb couplings by ∼ −1% and ∼ 40%, respectively [2] . While the contribution of −1% might easily be interpreted as a new physics quantum loop correction, such a large shift of 40% for right-handed coupling seems too strange to explain 2 . For this reason, it is believed the anomaly of bb forward-backward asymmetry stems from a statistical or systematic effect, rather than an indication of new physics. From our results we see that although the couplings λ ′′ ij3 and λ ′ ij3 contribute to right-handed Zbb coupling, they cannot give an explanation for A b because their contributions are negative.
• In both our analyses and all previous studies [10, 9] , the loop effects of R-conserving SUSY on Zbb coupling were neglected. So the limits derived here are valid only when those R-conserving loop contributions are negligibly small. As shown in [14] , the R-conserving SUSY contributions to Zbb coupling are dominated by chargino-squark loops, which are negligibly small for heavy charginos or squarks.
In summary, we studied the contribution of R-parity violating interactions to Zbb coupling in the MSSM. We found the R-violating interactions involving the top quark could give large contribution to Zbb coupling. The large contributions are from the top quark loops. The new stringent constraints from R b were derived, which are stronger than those derived from R ℓ . However, the contribution of all other R-violating interactions, are found to be negligibly small and their current bounds cannot be improved by R b . 
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